Scarce evidence suggests that inflammatory and metabolic dysregulation predicts poor response to antidepressants, which could result in worse depression outcome. This study prospectively examined whether inflammatory and metabolic dysregulation predicted the 2-year course of depressive disorders among antidepressant users. Data were from the Netherlands Study of Depression and Anxiety, including 315 persons (18-65 years) with a current depressive disorder (major depressive disorder, dysthymia) at baseline according to the DSM-IV criteria and using antidepressants. Inflammatory (C-reactive protein, interleukin-6 (IL-6), tumor-necrosis factor-a) and metabolic (waist circumference, triglycerides, high-density lipoprotein (HDL) cholesterol, blood pressure, fasting glucose) factors were measured at baseline. Primary outcome for course of depression was indicated by whether or not a DSM-IV depressive disorder diagnosis was still/ again present at 2-year follow-up, indicating chronicity of depression. Elevated IL-6, low HDL cholesterol, hypertriglyceridemia, and hyperglycemia were associated with chronicity of depression in antidepressant users. Persons showing X4 inflammatory or metabolic dysregulations had a 1.90 increased odds of depression chronicity (95% CI ¼ 1.12-3.23). Among persons who recently (ie, at most 3 months) started antidepressant medication (N ¼ 103), having X4 dysregulations was associated with a 6.85 increased odds of depression chronicity (95% CI ¼ 1.95-24.06). In conclusion, inflammatory and metabolic dysregulations were found to predict a more chronic course of depressive disorders among patients using antidepressants. This could suggest that inflammatory and metabolic dysregulation worsens depression course owing to reduced antidepressant treatment response and that alternative intervention treatments may be needed for depressed persons with inflammatory and metabolic dysregulation.
INTRODUCTION
Depressive disorders are among the most prevalent psychiatric disorders (Kessler et al, 2012) and rank high in the top 10 of diseases with the largest disease burden worldwide (Mathers and Loncar, 2006) . Depression can have huge effects on well-being and daily functioning of the individual (Buist-Bouwman et al, 2006) and often presents with a chronic-intermittent course (Rhebergen et al, 2009; Spijker et al, 2002) . Over a 2-year time period, more than half of depressed persons show recurrence or persistence of depression, despite treatment efforts . Severity, duration, comorbidity, and an early onset have been shown to predict an unfavorable course . Although these factors can help identify those patients at risk for poor outcome, they do not contribute to a better understanding of the pathophysiology of depression chronicity. Insight into pathophysiological processes may facilitate the development of new interventions to improve the course of this disabling disorder, in particular for those not responding to current treatments.
Recently, attention has focused on inflammatory and metabolic dysregulation in depression. As inflammatory and metabolic processes are highly linked (Sutherland et al, 2004) , it is of great value to consider them together. Metaanalyses have shown increased inflammatory and metabolic factors in depressed persons (Dowlati et al, 2010; Howren et al, 2009; Pan et al, 2012) . Most of the existing research is based on cross-sectional data, making it impossible to unravel the direction of potentially causal associations. Sparse evidence suggests that inflammatory and metabolic dysregulation can be found in particular among those with more chronic forms of depression (Duivis et al, 2011; Viinamaki et al, 2009; Vogelzangs et al, 2010 Vogelzangs et al, , 2011 . Limited evidence also exists that inflammation may be associated with a poor response to antidepressants, which in turn may contribute to a more chronic depressive disorder course. One small study in 24 major depressive disorder in-patients showed that higher interleukin (IL)-6 blood levels predicted non-response to a 6-week treatment with amitriptyline, whereas tumor necrosis factor (TNF)-a blood levels were high in both responders and non-responders, but only decreased during treatment in responders (Lanquillon et al, 2000) . In another study among 100 major depressive disorder patients, higher serum levels of TNF-a predicted non-response to a 12-week treatment with escitalopram (Eller et al, 2008) . Furthermore, a recent study among 74 depressed patients found that expression of genes related to inflammation predicted non-response to a 8-week treatment with escitalopram or nortriptyline (Cattaneo et al, 2013) . Lastly, the IL-1b gene (C-511T, rs19644 and rs1143643) has been shown to predict antidepressant non-response (Baune et al, 2010; Yu et al, 2003) .
The present study aimed to investigate whether inflammatory and metabolic dysregulation predicted a chronic course of depression among antidepressant users, which would be indicative of non-response to antidepressants. Using a large cohort of persons with current depressive disorders on antidepressant medication, we prospectively examined whether inflammatory (C-reactive protein (CRP), IL-6, TNF-a) and metabolic (abdominal obesity, dyslipidemia, hypertension, hyperglycemia) dysregulation predicted the recurrence or persistence of a depressive disorder over 2 years.
MATERIALS AND METHODS

Sample
The Netherlands Study of Depression and Anxiety (NESDA) is a multisite naturalistic cohort study that aims to examine the long-term course of depressive and anxiety disorders and includes 2981 persons aged 18-65 years at the baseline assessment in [2004] [2005] [2006] [2007] . Persons from different developmental stages of psychopathology as well as controls participated, recruited from the community (19%), general practice (54%), and secondary mental health care (27%). Persons with insufficient command of the Dutch language or a primary clinical diagnosis of bipolar disorder, obsessive compulsive disorder, severe substance use disorder, psychotic disorder, or organic psychiatric disorder, as reported by themselves or their mental health practitioner, were excluded. A detailed description of the NESDA study design and sampling procedures can be found elsewhere (Penninx et al, 2008) . The research protocol was approved by the Ethical Committee of participating universities, and after complete description of the study, all respondents provided written informed consent. After 2 years, a face-to-face follow-up assessment was conducted with a response of 87.1% (N ¼ 2596). Non-response was higher in those with younger age, lower education, nonNorth European ancestry, and depressive disorder, but not associated with sex or anxiety disorder (Lamers et al, 2012) .
For the present study, we selected persons who at baseline had a current depressive disorder diagnosis and were using antidepressants. Depressive disorder diagnosis (major depressive disorder, dysthymia) was established using the Composite Interview Diagnostic Instrument (CIDI) according to the DSM-IV criteria (American Psychiatric Association, 2001 ). The CIDI is a highly reliable and valid instrument for assessing depressive disorders (Wittchen, 1994) and was administered by specially trained research staff. In addition, using the Life Chart Interview (LCI) (Lyketsos et al, 1994) , the presence of depressive symptoms during the year before baseline was determined. A current disorder was defined as a 6-month CIDI depressive disorder diagnosis at baseline while confirming symptoms in the month before baseline at either the CIDI recency questions or the LCI. Medication use in the month before baseline was registered by inspection of drug containers brought in and coded according to the World Health Organization Anatomical Therapeutic Chemical (ATC) classification system (WHO Collaborating Centre for Drug Statistics Methodology, 2013). Antidepressant medication included use of selective serotonin reuptake inhibitors (SSRIs; N06AB), serotonin-norepinephrine reuptake inhibitors (SNRIs; N06AX16, N06AX21), tricyclic antidepressants (TCAs; N06AA), and tetracyclic antidepressants (TeCAs; N06AX03, N06AX05, N06AX11). Of the 890 persons with a current depressive disorder, 387 were using antidepressants, of whom 315 participated in the follow-up interview (81.4%). All 315 had data available of at least one inflammatory or metabolic factor, and therefore constitute the sample for the present study.
Inflammatory and Metabolic Factors
Inflammatory markers were assessed at baseline and included CRP, IL-6, and TNF-a. Blood samples were obtained in the morning after an overnight fast between 0800 and 0900 hours (mean 0845 hours (SD ¼ 0:15) using EDTA tubes and kept frozen at À 80 1C. CRP and IL-6 were assayed at the Department of Clinical Chemistry, VUmc. High-sensitivity plasma CRP levels were measured in duplicate by an in-house ELISA based on purified protein and polyclonal anti-CRP antibodies (Dako, Glostrup, Denmark) . Plasma IL-6 levels were measured in duplicate by a high-sensitivity ELISA (PeliKine Compact ELISA; Sanquin, Amsterdam, The Netherlands). Plasma TNF-a levels were assayed in duplicate at Good Biomarker Science (Leiden, The Netherlands), using a high-sensitivity solidphase ELISA (Quantikine HS Human TNF-a Immunoassay; R&D Systems, Minneapolis, MN). Intra-and interassay coefficients of variation were 5 and 10% for CRP, 8 and 12% for IL-6, and 10 and 15% for TNF-a. Continuous measures of CRP, IL-6, and TNF-a were ln-transformed to obtain normal distributions. Additional dichotomous measures were constructed indicating high inflammation by using the median as cutoff (CRP X1.58 mg/l; IL-6 X0.95 pg/ml; TNF-a X0.80 pg/ml).
Metabolic factors were also measured at baseline. Waist circumference was assessed using a measuring tape to the nearest 0.1 cm midway between the lower rib margin and the iliac crest following normal expiration, upon light clothing. Triglyceride, high-density lipoprotein (HDL) cholesterol, and glucose levels were measured in morning fasting blood samples using routine standardized laboratorial methods. Blood pressure was averaged over two readings measured in a supine position. In accordance with the updated National Cholesterol Education Program-Adult Treatment Panel III guidelines (Grundy et al, 2005) , five dichotomous metabolic dysregulations were defined: abdominal obesity (waist circumference 488/102 cm (women/ men)); hypertriglyceridemia (triglycerides X1.70 mmol/l) or hypertriglyceridemia medication (C10AB); low HDL cholesterol (o1.03/1.30 mmol/l (men/women)) or medication (C10AB); hypertension (blood pressure X130/ 85 mmHg) or antihypertensive medication (C02, C03, C07, C08, C09); hyperglycemia (fasting glucose level X5.6 mmol/ l) or antidiabetic medication (A10). Continuous metabolic measures incorporated medication use as described before (Vogelzangs et al, 2011; van Reedt Dortland et al, 2012) . Triglyceride and glucose levels were ln-transformed to normalize distributions.
Overall dysregulation was quantified as the number of dichotomous inflammatory and metabolic dysregulations (range 0-8).
Course of Depressive Disorders
At the 2-year assessment, the CIDI was again administered to determine the presence of depressive disorders. A 6-month diagnosis at the 2-year follow-up indicates the presence of depression 1.5-2 years after baseline and was considered to indicate chronicity of a depressive disorder. This measure could include recurrent as well as persistent disorders. However, as both indicate a chronic character of the depression, for reasons of readability, we use the terms chronic and chronicity throughout this paper. An alternative measure of depression chronicity was based on the LCI (Lyketsos et al, 1994) administered at the 2-year followup, which assessed the presence of depressive symptoms during the previous 2 years for each month separately. Remission was defined as the first occurrence of reporting no depressive symptoms for three consecutive months. Recurrence was defined as the reoccurrence of symptoms with at least mild severity for at least 1 month under the condition that CIDI interview also confirmed the presence of a depressive disorder during follow-up. Persons were grouped in those with early remission (within 6 months; reference), late remission (after 6 months), remission and recurrence, and persistent course (no remission).
Antidepressant Medication Use
Next to type of antidepressant (SSRI, SNRI, TCA, TeCA), dosage and duration of use were assessed. Dosage was expressed as the daily dose used relative to the defined daily dose for each specific antidepressant according to ATC guidelines (WHO Collaborating Centre for Drug Statistics Methodology, 2013). Duration of antidepressant use was expressed in months before baseline. Antidepressant use was again assessed after 2 years, to determine whether persons stopped using antidepressants, switched to a different antidepressant, or continued using the same antidepressant.
Covariates
Sociodemographic characteristics included sex, age, and years of education. Several lifestyle characteristics were assessed as these can be associated with inflammatory and metabolic dysregulation, as well as with depression. Lifestyle factors included smoking status (never, former, current), alcohol intake (o1, 1-14/1-21 (women/men), 414/21 (women/men) drinks per week), and physical activity (measured with the International Physical Activity Questionnaire; Craig et al, 2003) in MET-minutes (ratio of energy expenditure during activity compared with rest times the number of minutes performing the activity) per week). Furthermore, number of self-reported chronic diseases for which persons received treatment (including cardiovascular disease, diabetes, lung disease, osteoarthritis or rheumatic disease, cancer, ulcer, intestinal problems, liver disease, epilepsy, and thyroid gland disease) and use of systemic anti-inflammatory medication (M01A, M01B, A07EB, A07EC) were assessed.
Statistical Analyses
All analyses were conducted using SPSS 20.0 (SPSS, Chicago, IL). Baseline characteristics were compared between antidepressant users who remitted and those who still/again had a depressive disorder after 2 years using w 2 Statistics for dichotomous and categorical variables and independent samples t-tests for continuous variables. In case of non-normal distribution, Mann-Whitney U-test was used.
Associations between baseline inflammatory and metabolic factors as predictors with the 2-year chronicity of depressive disorders as the outcome were assessed by means of logistic regression analyses. Separate analyses were performed for each dysregulation. First, analyses were adjusted for sociodemographics (ie, age, sex, education). Next, analyses were additionally adjusted for lifestyle and disease factors (ie, smoking status, alcohol intake, physical activity, number of chronic diseases; analyses with inflammatory markers were additionally adjusted for antiinflammatory medication). As several previous studies have found sex differences in the association between inflammatory and metabolic factors with depression (Howren et al, 2009; Kinder et al, 2004; Viinamaki et al, 2009; Vogelzangs et al, 2012) , sex interactions were tested by including inflammatory/metabolic factor Â sex interaction terms. In addition, to examine whether associations between inflammatory and metabolic dysregulations and depression chronicity were dependent on type or dosage of antidepressant use, interactions with SSRI vs SNRI/TCA/TeCA use and with defined daily dose (o1, 1, 41) were tested. When using depressive symptom course trajectories as the outcome, multinomial logistic regression analysis was used.
Because our study sample was not drug naive at baseline, inflammatory and metabolic factors could already have been influenced by antidepressant use, with varying influence according to duration of antidepressant use. To reduce heterogeneity in possible confounding effects of antidepressants on inflammatory and metabolic factors before baseline and to be able to examine non-response to antidepressants more strictly, a subgroup of persons was selected who only recently started antidepressant medication (ie, at most 3 months; N ¼ 103). To maintain sufficient sample size, a cutoff of 3 months was chosen and sensitivity analyses were performed using 2 and 4 months as cutoff. Within this group, the percentage of persons with chronic depression and with different course trajectories was compared according to the number of dysregulations using cross-tabs and w 2 tests for linear-by-linear association. Logistic regression analyses assessed fully adjusted associations between baseline inflammatory and metabolic factors with 2-year chronicity of depression.
RESULTS
Mean age of the study sample at baseline was 42.8 years (SD ¼ 11.3) and 63.8% were women. After 2 years, a depressive disorder was still/again present in 56.2%. Antidepressant users with a remitted disorder (N ¼ 138) vs those with a chronic disorder (N ¼ 177) after 2 years did not differ significantly in sociodemographics, lifestyle, and most disease factors, nor in type, dosage, and duration of antidepressant use (Table 1) . However, persons with a chronic course of depression did more often have diabetes at baseline and did more often switch to a different antidepressant during follow-up. Higher baseline levels of IL-6, triglycerides and glucose, a larger waist circumference, lower levels of HDL cholesterol as well as a higher number of inflammatory and metabolic dysregulations were (more often) found in persons with a chronic disorder compared with persons with remitted disorders. Table 2 describes the adjusted associations between baseline inflammatory and metabolic dysregulation and the 2-year chronicity of depressive disorders in antidepressant users. As results were very similar after adjustment for sociodemographics and after additional adjustment for lifestyle and disease factors, only fully adjusted results are presented. Again, elevated IL-6, hypertriglyceridemia, low HDL cholesterol, and hyperglycemia significantly predicted depression chronicity. No significant associations were found for CRP, TNF-a, abdominal obesity, and high blood pressure. Increasing the cutoff for high CRP to more clinically meaningful values (ie, CRP X3 and CRP X5) did not result in significant associations. Moreover, the total number of inflammatory and metabolic dysregulations significantly predicted depression chronicity. Persons showing X4 dysregulations had 90% higher odds of still/again having a depressive disorder after 2 years as compared with those with 0-3 dysregulations. Examining different cutoff points yielded similar findings, with stronger associations found for higher cutoffs (ie, X3 dysregulations: OR ¼ 1.26, 95% CI ¼ 0.76-2.08; X5 dysregulations: OR ¼ 2.12, 95% CI ¼ 1.17-3.85; X6 dysregulations: OR ¼ 2.87, 95% CI ¼ 1. 34-6.17 ). Sex interactions were tested for all fully adjusted associations presented in Table 2 , but no consistent sex interactions were found. In addition, interactions of inflammatory/metabolic dysregulations with SSRI vs SNRI/ TCA/TeCA use and with defined daily dose (o1, 1, or 41) in predicting 2-year depression chronicity were tested, but not found (all p interaction 40.10). In fact, the strength of the association of inflammatory and metabolic dysregulation with depression chronicity was rather similar among SSRI users (N ¼ 218; number of dysregulations: OR ¼ 1.14, 95% CI ¼ 0.68-1.52; X4 dysregulations: OR ¼ 2.20, 95% CI ¼ 0.83-5.81) and non-SSRI users (N ¼ 97; number of dysregulations: OR ¼ 1.16, 95% CI ¼ 0.99-1.37; X4 dysregulations: OR ¼ 1.70, 95% CI ¼ 0.86-3.34).
Next, course trajectories of depressive symptoms over 2 years were examined as an alternative outcome measure using multinomial logistic regression analysis. Figure 1 illustrates the association between the number of inflammatory and metabolic dysregulations and depression course trajectories. Persons with 4-5 or 6-8 dysregulations had increased odds of late remission, remission and recurrence, or a persistent course relative to early remission compared with persons with 0-3 dysregulations. To improve power and since odds ratios were rather similar across different course trajectories and for those with 4-5 compared with those with 6-8 dysregulations, all results were combined in one summary logistic regression analysis, showing that those with X4 dysregulations had a 2.26 increased odds (95% CI ¼ 1.17-4.35, p ¼ 0.02) of having a poor depressive symptoms course (ie, either late remission, remission and recurrence, or persistent course).
Within the subgroup of persons who only recently (ie, at most 3 months; median: 2 months) started antidepressant medication (N ¼ 103), the percentage of persons showing chronicity of depression increased from 48.4% in those with 0-3 dysregulations (n ¼ 64) to 65.2% in those with 4-5 dysregulations (n ¼ 23) and 87.5% in those with 6-8 dysregulations (n ¼ 16) (p ¼ 0.004). Figure 2 shows the percentage of persons with different depressive symptom course trajectories for persons with 0-3 and for those with X4 inflammatory and metabolic dysregulations. Owing to small numbers, those with 4-8 dysregulations were analyzed together. A recurrent or persistent course was much more common in those with X4 dysregulations (p ¼ 0.003).
Adjusted associations between baseline inflammatory and metabolic dysregulation and the 2-year chronicity of depressive disorders in recently started antidepressant users are presented in Table 2 . Again, in particular IL-6, triglycerides, HDL cholesterol, and glucose were associated with depression chronicity with considerably larger ORs compared with those found in the whole group of antidepressant users. Every other inflammatory or metabolic dysregulation added an extra 59% odds for a chronic depression course. Persons showing X4 dysregulations had a 6.85 increased odds of still/again having a depressive disorder after 2 years. 
DISCUSSION
In this study, we prospectively examined whether inflammatory and metabolic dysregulation predicted the 2-year course of depressive disorders among antidepressant users. The results show that elevated IL-6, low HDL cholesterol, hypertriglyceridemia, and hyperglycemia were associated with chronicity of depressive disorders. A greater number of inflammatory and metabolic dysregulations was associated with an increased risk of chronic depression. These findings were especially true within persons who only recently started antidepressant medication, which could possibly The results of our comparatively large study are in line with the few previous small studies showing that high inflammation, indicated by either increased blood levels, gene expression, or genetic polymorphisms, prospectively predicted non-response after the start of conventional antidepressant treatment (Eller et al, 2008; Lanquillon et al, 2000; Cattaneo et al, 2013; Yu et al, 2003; Baune et al, 2010) . Although our subjects were not drug naive at the start of the study, strongest associations were found among those recently started on antidepressants, such that long-term effects of antidepressant use on inflammatory or metabolic dysregulation could not have influenced our results. On the other hand, the production of cytokines such as IL-6 may increase owing to the acute administration of antidepressant medication (Kubera et al, 2000) . Therefore, it is possible that it is not the inflammatory or metabolic dysregulation before treatment, but rather a large acute inflammatory or metabolic response to starting antidepressant use, which predicts non-response. Furthermore, among those with chronic depression, more persons switched to a different antidepressant, likely reflecting insufficient response to the first antidepressant. This is further evidence that depression chronicity among antidepressant users is an indication of reduced treatment response. Our results elaborate on previous findings by showing chronicity of depression even after a period of 2 years. Furthermore, our findings demonstrated that not only inflammatory dysregulation, but in addition metabolic dysregulation, such as dyslipidemia and hyperglycemia, predicts a poor depression course among antidepressant users, suggesting that metabolic dysregulation may also indicate poor treatment response to antidepressants.
Poor treatment response to conventional antidepressants in a subgroup of patients may be further evidence of the existence of an etiologically different subtype of depression with inflammatory and metabolic dysregulation, which is clinically relevant and which we have previously labeled 'metabolic depression' (Vogelzangs et al, 2011) . Additional evidence for a specific inflammatory/metabolic subtype comes from recent findings of the NESDA study showing that these dysregulations are restricted to patients with an atypical symptom profile, and are not found among those with melancholic features (Lamers et al, 2013) . Alternatively, poor treatment response could be the result of inflammatory and metabolic dysregulation having direct negative effects on the monoamine system, such as increasing the activity of monoamine transporters (Zhu et al, 2006) and reducing the concentration of monoamine precursors (Widner et al, 2002) and monoamine biosynthesis (Neurauter et al, 2008) , which counterbalance the effects of antidepressant medication. This may be true for all types of conventional antidepressants as we found that inflammatory and metabolic dysregulation predicted chronicity of depression similarly across SSRI, SNRI, and TCA/TeCA users.
We and others have found that inflammatory and metabolic dysregulation is more prominent in persons using antidepressants, in particular in those using SNRI, TCA, or TeCA (Hamer et al, 2011; Pyykkonen et al, 2012; van Reedt Dortland et al, 2010; Vogelzangs et al, 2012) , although more beneficial inflammatory profiles have been found in persons using SSRI (Miller et al, 2009; Vogelzangs et al, 2012) . Furthermore, two recent meta-analyses showed that SSRI treatment was associated with reductions in inflammatory levels (ie, CRP, IL-6, IL-1b, and nonsignificant trends for TNF-a and IL-10), while this was not found for other types of antidepressants (Hannestad et al, 2011; Hiles et al, 2012) . One small study did find that IL-6 and TNF-a levels decreased after treatment with amitriptyline, but these decreases were only found in treatment responders, while IL-6 levels even increased in treatment nonresponders (Lanquillon et al, 2000) . This could imply that On the basis of w 2 test for dichotomous and categorical variables and independent samples t-test for continuous variables. b Mann-Whitney U-test was used because of non-normal distribution. c High is defined as above median (C-reactive protein X1.58; interleukin-6 X0.95; tumor necrosis factor-a X0.80).
among depressed persons with inflammatory and metabolic dysregulation, traditional antidepressants may not only be less effective but non-SSRI agents may also even worsen the inflammatory and metabolic profile of these patients.
What do these study findings imply for depression treatment? Depression is a heterogeneous disorder and currently available treatments, including the prevention of relapse, is only effective in about a third to half of our patients (Pigott et al, 2010) . Identifying depression subtypes can help targeting new interventions. If a specific subgroup of depressed persons with inflammatory and metabolic dysregulation exists, these persons may benefit from alternative treatments, such as treatments targeting the immune or metabolic system. Preliminary evidence from studies among patients treated with anti-inflammatory agents for other indications suggests that these agents may have beneficial effects on mood (Muller et al, 2004) . One study found positive effects on mood in medically healthy, major depressed patients (Muller et al, 2006) . Moreover, a recent trial among persons with treatmentresistant depression showed that an add-on treatment with the TNF-a antagonist infliximab improved depressive symptoms only among those who showed increased inflammation before treatment . What is even more is that, in this same trial, response to infliximab could be predicted by gene expression reflecting alterations in lipid and glucose metabolism (Mehta et al, 2013) . Furthermore, behavioral interventions such as exercise have shown to normalize immune and metabolic dysregulation (You and Nicklas, 2008) , as well as to improve depressive symptoms to some degree (Mead et al, 2009) , and may therefore be an indicated treatment for this subgroup of depressed persons with inflammatory and metabolic dysregulation. This idea is supported by a recent study showing that exercise treatment appeared to be more effective in reducing depressive symptoms among those persons with high baseline levels of TNF-a (Rethorst et al, 2013) . However, at this moment, these considerations for treatment implications are still speculative and should be confirmed in longitudinal and experimental studies.
Of the different inflammatory markers assessed, strong associations were found for IL-6, while no associations with depression chronicity were found for CRP and TNF-a. This is only partly in line with our previous cross-sectional report in this same sample in which depression status was most strongly associated with CRP, followed by IL-6 and not with TNF-a (Vogelzangs et al, 2012) . Also, meta-analyses have implicated a role for CRP and TNF-a in depression next to IL-6 (Dowlati et al, 2010; Howren et al, 2009) , and TNF-a has been found to be predictive of non-response to escitalopram (Eller et al, 2008) . Possibly, elevated CRP reflects a depressive state, but lacks specificity to predict course or treatment response. The fact that CRP is released in response to IL-6 and that IL-6, but not CRP, can cross the blood-brain barrier (Banks et al, 1994) may also suggest a more prominent prognostic role for IL-6 compared with CRP. As for TNF-a, intra-and interassay coefficients of variation were, at least in our sample, somewhat higher for TNF-a compared with CRP and IL-6, which may partly explain the weaker associations for TNF-a in our sample. Future research has to elucidate whether specifically IL-6 is associated with depression chronicity or whether other inflammation markers are of additional relevance. With regard to the metabolic factors, associations with depression chronicity were found for lipid dysregulations and hyperglycemia, which have also been associated with the onset of depression (Pan et al, 2012; Viinamaki et al, 2009) . We found no clear associations between abdominal obesity and hypertension with a chronic course of depression. Previous research on metabolic syndrome and depression has indeed found that hypertension is the component contributing least to this association (Pan et al, 2012) . Abdominal obesity, however, has consistently been associated with depression and depression onset (Xu et al, 2011; Vogelzangs et al, 2010 Vogelzangs et al, , 2011 . Possibly, once depression is present, abdominal obesity is of less importance for the persistence of depression. We previously found in an older sample that waist circumference did predict onset of depressive symptoms, but was not significantly related to the persistence of depression (Vogelzangs et al, 2011) . Possibly the consequences of abdominal obesity (ie, inflammation, lipid dysregulations) become more important in hindering recovery of depressive symptoms than abdominal obesity itself.
Important strengths of our study are that it is one of the first and largest to examine the prospective association between several inflammatory as well as metabolic dysregulations with the course of depressive disorders assessed according to DSM-IV diagnoses. Furthermore, we were able to test for sex interactions and to adjust for a large set of possible confounders. However, some limitations need to be acknowledged. Inflammatory and metabolic factors were only measured at baseline. Perhaps, even more clear associations could be found in persons showing continuing inflammatory or metabolic dysregulation over the 2-year follow-up. In addition, as this is an observational study, we cannot disentangle natural unfavorable course from treatment resistance. Experimental research in initially antidepressantnaive patients has to establish ultimately whether depressed persons with inflammatory and metabolic dysregulation are at risk of non-response to traditional antidepressants.
In conclusion, our study shows that in antidepressant users, a chronic, poor course of depressive disorders is predicted by elevated IL-6 levels, hypertriglyceridemia, low HDL cholesterol, and hyperglycemia. This may suggest a possible poor response to traditional antidepressants in these persons. Future longitudinal and experimental studies need to confirm our findings and investigate whether alternative treatments (eg, anti-inflammatory medication, exercise) are better able to improve depressive disorder course in persons with inflammatory and metabolic dysregulation.
FUNDING AND DISCLOSURE
